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Abstract—We have conducted the first study of sleep in the platypusthorhynchus anatinus?eriods
of quiet sleep, characterized by raised arousal thresholds, elevated electroencephalogram amplitude and
motor and autonomic quiescence, occupied 6—8 h/day. The platypus also had rapid eye movement sleep as
defined by atonia with rapid eye movements, twitching and the electrocardiogram pattern of rapid eye
movement. However, this state occurred while the electroencephalogram was moderate or high in voltage,
as in non-rapid eye movement sleep in adult and marsupial mammals. This suggests that the low-voltage
electroencephalogram is a more recently evolved feature of mammalian rapid eye movement sleep. Rapid
eye movement sleep occupied 5.8—8 h/day in the platypus, more than in any other animal.

Our findings indicate that rapid eye movement sleep may have been present in large amounts in the first
mammals and suggest that it may have evolved in pre-mammalian ref@il399 IBRO. Published by
Elsevier Science Ltd.

Key words phylogeny, monotreme, duck-billed, evolution, development.

Sleep in mammals consists of two stages, rapid epeoduced no species radiation, although the frag-
movement (REM) and non-REM. REM sleep hasnentary skull evidence available for the identifica-
been observed with behavioral or electrophysiologtion of Monotrematum sudamericanumas led to its
cal measures in virtually all placental and marsupiaéntative classification as a separate taXoithe
mammals studieé® The monotremes comprise theechidna line has a similar history. The classification
third branch of the mammalian tree. There are jusif the giant echidnaZaglossus hackettis uncertain
three extant monotreme species, the short-beakiedcause of the lack of cranial matertf3However,
and long-beaked echidna and the platypus. Fossipart from this specimen, there has only been the
and genetic evidence indicates that the monotremelatively recent divergence of the short- and long-
line diverged from the other mammalian lines abouteaked echidna over the echidna’s 60-million-year-
150 million years ago and that both echidna speciésng evolutionary cours#. In contrast, more than
are derived from a platypus-like ancest®s>3 4000 placental and marsupial species have evolved
The monotremes have shown a remarkablgince the emergence of the monotremes. While
conservative evolutionary course since their divemonotremes are distinctly mammalian, they do
gence from the rest of the mammalian line. Fodisplay a number of reptilian features, making
example, fossil teeth fromSteropodon galmani study of their physiology a unique opportunity to
dated at 110 million years ago show many simidetermine the commonalties and divergences in
larities to the vestigial teeth of the current-daynammalian evolutiof?26:53
platypus, Ornithorhyncus anatinud Analyses of The first study of monotreme sleep was performed
fossilized skull remains indicate remarkably littleon the short-beaked echidhaand reported the
change in platypus morphology over at least 6fresence of non-REM sleep and the complete
million years?37 absence of REM sleep. A more recent study of
The low level of speciation throughout the fossilnit activity in the echidn® found that, whereas
record is another indicator of the uniquely conservahere was no sleep state with rapid eye movements
tive lineage of monotremes. Apart from the echidnand twitching, during sleep with high-voltage
line, the 150 million years of platypus evolution halectroencephalogram (EEG), brainstem reticular
formation units fired in the irregular burst—pause
tTo whom correspondence should be addressed. pattern that characterizes REM sleep, not in the
Abbreviations ECG, electrocardiogram; EEG, electroencephaslow regular pattern of non-REM sleép®* This
logram; EMG, electromyogram; EOG, electro-oculogramfinding suggests that, while the monotremes may
QS, quiet sleep; QS-H, quiet sleep with high-voltage EE.C'(‘;'wot have the low-voltage EEG of placental and
QS-M, quiet sleep with moderate-voltage EEG; REM, rapi .
marsupial REM sleep, they may have aspects of

eye movement; REM-H, REM sleep with high-voltage EEG,; . S, ave oL
REM-M, REM sleep with moderate-voltage EEG. the brainstem activation that underlies its principal
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features. Examination of the platypus was undefrom this recording. This animal was videotaped continu-
taken to elucidate the nature of sleep in this mo!itllséy for ‘f‘t8 h_p”fl’r ttot!mpI?/r\}tathg at”d f‘ér 7|2 h Sgaglng

: : ays after implantation. We videotaped sleep behavior
plesiomorphic mammal. in a s){econd aninqal (a male), then impllzmted it Is/)vith EEG
telemetry electrodes, but it died within 24 h of implantation,
so its physiological data were of limited use. We recorded
the electrocardiogram (ECG) with a one-channel telemetry

We were allowed access to one adult female and thr&¥stem and videotaped behavior in a third animal, aIsQ fora
adult male platypus for the current study. They werdwo-week period. This animal was used for the Poihcare
captured in southeast Queensland, Australia, and weigh@galysis. A fourth unimplanted animal was also observed
between 0.9 and 1.5 kg, with the smallest being a femal¥isually and videotaped during sleep for 12 h. Arousal
All studies were done at the University of Queensland ifreshold testing was done during the long-duration EEG
Brisbane. The research was carried out according to th@cording study and on the fourth unimplanted animal (a
Australian Code of Practice for the Care and Use of Animal@-9-kg female). ) . )
for Scientific Purposes under Queensland National ParksFor implantation, animals were anesthetized with 30 mg
and Wildlife permit T00803 and K01782. ketamine mixed with 1.3 mg xylazine/kg. Screw electrodes

Because the platypus is a semi-aquatic mammal af¢gre placed over the motor corf’é)‘é?for EEG recording.
cannot be confined without severe stress, it has been difficif€ EOG was recorded from a pair of electrodes inserted

to maintain and study in captiviti#:>* Eighty per cent of through the conjunctiva of the right eye. The EMG was
platypus die during the first year of captivity in zoos withinfécorded from electrodes threaded through the dorsal neck

Australia, most within the first montH.One possible expla- Muscles. The ECG was recorded from thoracic electrodes.

nation for this high mortality rate is stress resulting from thé\ll €lectrodes were connected to a three-channel telemetry
electrical noise generated by the pumps and other electricgVice inserted subcutaneously in the back region or, in the
equipment used in conventional aquaria. Platypus af&S€ where just ECG was recorded, attached externally to
unique among mammals in possessing a highly develop&®# fur on the back. Signals were recorded polygraphically
electrosensory systefh*! This system processes informa-and on a Racal tape recorder along with a digital time code.
tion derived from specialized electroreceptors arrayed ovEoWer spectra and Poincapéots were calculated with a
the bill.32We have dealt with this problem by constructing ~ED digitizing and analysis system (Cambridge, U.K.)
Faraday cage around the 2.0-m-diameter, 1-m-high (watg®Mpling at 100 Hz on all channels. Poincpfets give an
depth 40 cm) fiber-glass tank where the platypus coul@dication of the amplitude of respiratory and other sources
swim and feed. This reduced the ambient electrical noi¥f beat-to-beat heart rate variability. The dispersion of
to 10—20uV/cm. The Faraday cage also enclosed thoints is maximal in non-REM sleep but is minimal in
13 mx 30 cmx 30 cm burrow system. Platypus typically REM sleep'owlglgg to a loss of the respiratory-related heart
slept in one of two nesting boxes (250 mm higR00 mm ~ rate rhythmicity:

widex 400 mm long) within the burrow system. Hay and

leaf litter was available in the tunnels and used by the platy-

pus to customize their sleep aréa®lexiglas ports placed RESULTS

over the nest areas allowed video monitoring and recording . - . .

of sleep postures, twitching and eye movements. These portsWe identified five sleep—waking states on f[he
were covered during polygraphic recording of normativdasis of EEG, EOG and EMG recordings: waking

sleep parameters. (Wake), quiet sleep with moderate-voltage EEG
Platypus were fed fresh water crustaceans and worms, @§S-M), quiet sleep with high-voltage EEG (QS-

described previousl§* Platypus typically consumed 500 g -
(up to half their body weight) each day. An active gravel anéﬂ)’ REM sleep with moderate-voltage EEG (REM-

charcoal filtration system maintained water cleanliness. THd) and REM sleep with high-voltage EEG (REM-
pool and burrow system was in an unheated room open k). Figure 1 shows the polygraphic patterns of the

the ceiling to allow natural cycles of temperature and ligh§leep—waking states of the platypus. In the Wake
into the room. Of the 30 platypus maintained for one to threg

EXPERIMENTAL PROCEDURES

months (mean of six weeks) in this enclosure over a six-ye r[ate_, When the platypus was und_erwat_er and_ qUIet,

period for a variety of behavioral, anatomical and physiofiolding its breath and showing Its typical diving

logical studies, only one died prior to experimentation. responsé?3! EEG voltage was at its lowest level.
The present experiments were done in June and Juyly similar low-voltage EEG was also present when

(Winter). In Brisbane at this time of year, dawn is atnha gnimal was observed to be awake and immedi-
6.00 a.m. and sunset at 5.30 p.m. Temperatures within t

pool ranged from 20.5 to 21°6, and in the burrow from 20 afely after movement periods in the burrow. No peri-

to 23°C. ods with comparable low-voltage EEG occurred
To maintain good health in captivity, platypus must bavhen the animal had been in a sleep posture for

free to swim and explore their burrow system to approximore than a few seconds. When the animal was

mate conditions in the wild. It is likely that any prolonged ., : : :
confinement or direct connection to a recording cable Woulcawescent, there was little or no tonic muscle tone,

cause severe stress, the major cause of death in capti¥en if the animal's eyes were open and it was
platypus®® Therefore, we used an implanted telemetryesponsive to sensory stimuli, i.e. awake. Therefore,

device with one- or three-channel capability (DSI, St Pautonic muscle activity was not a useful indicator of
MN, U.S.A.) and an array of six telemetry receivers, tw%|eep state.

placed underwater in the tank and four placed under the . . .
burrow system. This system continuously transmitted At SI€€p onset, EEG amplitude increased, particu-
EEG, electro-oculogram (EOG) and electromyograni@rly at frequencies below 4 Hz, producing QS-M.
(EMG) while the platypus was active and inactive, in theeyes were closed throughout these periods. QS-M
burrow and underwater. The frequency response of thgas scored if EEG voltages exceeded pAD for

system was 0.5—-100 Hz (sampling rate of 500/Hz/channe i
We recorded continuously with the three-channel system qure than half of the 1-min epoch. The presence

one implanted animal (a 1.5-kg male) for two weeks, an@f Phasic events observed on the EOG channel,
derived the sleep duration and periodicity measuremeneginning as soon as 30-90 s after the start of the
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Fig. 1. EOG, EMG and EEG power spectra of samples shown of sleep—wake states in the platypus: Wake (in pool
and burrow), QS-M and QS-H, REM-M and REM-H.

QS period, were used to score REM and to discrprone sleep posture. Figure 2 presents an episode
minate REM from QS. in which direct visual observation was used to oper-
We first identified periods of REM sleep by videoate event markers to record bill and neck movements
recording and direct visual observation of posturen the polygraph record. We found that phasic
and behavior through the Plexiglas windows placegdotentials from the electrodes placed adjacent to
over the nesting regions in the burrow. We saw RENhe eyes were correlated with rapid movements of
sleep, as defined by twitching of the bill, head anthe eyes, neck and bill. These included mastication-
eyes, in large amounts in all four animals. The behdike movements of the bill, as well as side-to-side
vioral phenomena (eye, bill and head movements)ovements of the head, that resembled, but were
did not differ in implanted vs unimplanted animalsmuch smaller and less complete, than the move-
We found that all of the REM episodes occurrednents seen during feeding and swimming in the
while the animal was immobile in a curled orwater tank¥' We saw sleep behavior of similar
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Fig. 2. Visually observed REM sleep episode. Bill deflections are indicated with an upward movement of the
pushbutton activated marker pen. Neck movement is indicated by a downward deflection of the pen. Ticks on the
third channel are at 1-s intervals.

Table 1. Sleep state durations in minutes and percentage sleep time, based on a continuous 48-h period of electroencephalogram,
electro-oculogram and electromyogram telemetry recording, scored in 1-min epochs

State Hours/day Sleep time (%) Episode duration Episode range
Wake 9.7 — 25.173.5 0.3-390

QS-M 4.8 33.8 13.110.7 0.3-42.7

QS-H 1.4 9.9 7.729.7 1.0-31

REM-M 7.2 50.6 12.1 135 1.0-74

REM-H 0.8 5.7 7.8 6.5 1.0-24.5

The criterion for REM-M and REM-H was more than one phasic event exceeding the mean phasic event amplitude per epoch.

type in all of the three platypus that were visuallfREM-H), with consistently more power in all of the
observed in the burrow, prior to, as well as afterfrequency bands assessed than that during waking
implantation. We never saw movements of thetates. EEG amplitude in REM-M was always
eyes, bill or head resembling those seen duringgual to or greater than that in QS-M. REM periods
sleep in the burrow, when the animals were in thi the 48-h sample that we quantified had an average
water tank. of 13 EOG events/min exceeding g%. REM-M

To determine a threshold for phasic event deteoccupied 50.6% of sleep time using the one phasic
tion using the polygraphic recording of the EOG, wevent criterion (Table 1) and 40.8% of sleep time
observed the sleeping platypus continuously for asing the three phasic events criterion, and typically
period of 2 h. Using the marker channel, we labelefbllowed QS-M or Wake. REM-H was scored if the
phasic bill movements on the polygraph record (Figriteria for REM-M were met and there were three or
2). We then determined the median amplitude of thmore EEG slow waves exceeding g¥ in each 1-
EOG signal accompanying each observed bill movenin epoch. REM-H periods typically followed
ment. We used this median amplitude as the criteREM-M periods and occupied 5.7% of sleep time
ion for phasic event scoring. We then examined eaalsing the one phasic event criterion and 4.0% of
1-min epoch for the presence or absence of phasileep time using the three phasic event criterion.
events. Figure 3 shows the state transition probabilities in

We found that the median amplitude of the defledhe 48-h recording block. The most common sleep—
tion recorded on the EOG channel during visuallwake progression was WakeQS-M— REM-
observed head and bill movements waspdQ M — Wake. However, in contrast to adult placental
Therefore, we scored as REM sleep any 60a&nd marsupial mammals, REM sleep could begin
epoch with muscle atonia and one or more EO@om waking at sleep onset. Figure 4 is a hypno-
potentials > 40 V. This scoring criterion follows gram showing the sequence and duration of states
the conventions used in young animals, in whiclever a continuous 24-h period. In Fig. 5, the length
EEG is not a useful discriminator between REMf the REM sleep cycle is plotted. Periodicity was
and non-REM sleept?®> We note that, by our scor- calculated by measuring the time from REM sleep
ing rule, half of the visually observable visuallyonset to the onset of the subsequent REM sleep
phasic events (those below the median) would ngeriod, excluding intervening waking periotfs.
be scored. In order to further assess the effect & new REM sleep period was scored if more
scoring rules on sleep epoch duration, we also réhan 3 min had elapsed since the prior REM sleep
scored the data using three phasic events/1-mé&poch.
epoch as a criterion for REM sleep. One-minute QS-M occupied 33.8—47% of sleep time. Epochs
sleep epochs with one or two phasic events wemith no phasic events and high-voltage EEG,
scored as QS-M or QS-H when using this scorindefined as three or more slow waves exceeding
criterion. 80wV in each 1-min epoch, were designated QS-H.

REM sleep was always accompanied by an EEQS-H periods followed some periods of QS-M, and
that was of moderate (REM-M) or high amplitudeoccupied 9.9—-12.2% of sleep time (Tables 1, 2).
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Fig. 3. State transition probabilities during sleep in the platypus, based on a 48-h recording and using the one

phasic event criterion for scoring REM sleep (Table 1). Only transition types that occurred two or more times

within the period of observation are shown. The most common sleep cycle course in the platypus was QS-M to
REM-M to Wake.

SLEEP CYCLE IN THE PLATYPUS
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Fig. 4. Hypnogram showing the state transitions occurring over a 24-h period beginning at 11.00 a.m. Sleep states
had a wide range of durations.

In placental mammals, REM sleep periods ardispersion, reflecting the lack of ECG rhythmicity
characterized by a distinctive ECG pattern. Duringnd elevated ECG rate. During QS, the dispersion
REM sleep, there is a decreased beat-to-beat interaabund the mean interbeat interval is maximal,
dispersion due to decreased respiratory-related EG&flecting respiratory-related cardiac rhythmicity.
rhythmicity, relative to non-REM sleep. TheseThe ECG pattern of platypus REM as identified by
patterns are best identified with Poincagmts3® Poincare plots resembles that of REM sleep,
Figure 6 presents Poincapots of QS and REM whereas the QS pattern resembles that of non-
ECG. During REM, there is relatively little REM sleep®® Thus, from the standpoint of this
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REM SLEEP PERIODICITY REM sleep state was characterized by phasic head,
bill and eye movements. The ECG lost the regular
sinus arrhythmia of quiet sleep during the REM
sleep state, as is the case in placental mammals.

Platypus are present only along the eastern coast
of Queensland, Victoria, New South Wales and
Tasmania. Despite this restricted range, their popu-
lation is stable and they are not considered endan-
gered!” However, the use of monotremes in

Frequency

“7 research is subject to very rigorous regulation by
the State governments of Australia. In order to
24 meet the requirements of the Queensland Govern-
ment and minimize use of these unique animals, we
o ' restricted our work to four platypus.

0 10 20 30 40 50 60 >60

We observed abundant REM sleep, by behavioral
criteria, in all four of the animals we monitored. The
Fig. 5. Histogram showing distribution of intervals from onseiquantitative analysis of sleep time described in

of REM sleep period to onset of subsequent REM sleep based%mes 1 and 2 was derived from observation and
48-h recording period. The modal sleep cycle interval in the

platypus is 15 min. continuous recording of polygraphic variables in a

1.5-kg male platypus occurring on days 9 and 10 of a

two-week observation period. We did not feel that

fundamental indicator of autonomic control, REMwe could justify, or obtain approval for, further
in the platypus resembles REM in placentastudies aimed at repeating our recordings for the
mammals. purpose of assessing individual differences in sleep

A series of Von Frey hairs, applied to the dorsaiime in a larger group of animals. In cafs;ats’ and
midline of the neck, was used to measure arousalimans’® the most thoroughly studied mammals,
threshold in an unimplanted male, an implantethere is relatively little individual to individual

male and an implanted femaie®® Immediately variation in sleep stage times, with 1-3% standard

after the onset of a quiet sleep period, stimuli ofleviations in the proportion of the 24-h period

2 g (h=10in each animal, range 1-3 g) were suffidevoted to REM sleep. Therefore, it is likely that
cient to arouse the platypus. However, during ththe sleep state durations that we found are close to
periods of behaviorally identified REM sleep, thehe mean values for all platypus studied in a labora-

platypus were difficult to arouse. Pressures requirgdry environment. However, further studies would
for arousal always exceeded 20 g and were often be needed to determine the distribution of sleep
high as 50 g1f= 10, mean= 35 g, range 20-50 g). states in the general population of adult platypus
When aroused in this way, the platypus would ruand to evaluate the extent of age and sex differences.
from the stimulus, often leaving the burrow and Inintact, adult placental and marsupial mammals,
entering the pool. EEG voltage reduction occurs at REM sleep onset
and is maintained throughout this state. In some
cases, muscle atonia begins at REM sleep onset,

DISCUSSION although it is often present in non-REM sleep.

) These continuous indicators of state make it rela-
Sleep in the platypus tively easy to score onset and offset. In the platypus,
We found that the platypus has a state with théhese indicators are not present, as is the case in
EOG, EMG, ECG and arousal threshold change¥onatal humans and other altricial mammals. To
typical of non-REM sleep, and a state meetingnake the most meaningful estimate of REM sleep
generally employed criteria for REM sleep. Thdime, we observed the platypus for extended periods

REM-REM Interval (minutes)

Table 2. Sleep state durations in minutes and percentage sleep time, based on a continuous 48-h period of electroencephalogram,
electro-oculogram and electromyogram telemetry recording, scored in 1-min epochs

State Hours/day Sleep time (%) Episode duration Episode range
Wake 9.7 — 25.4-73.4 0.3-390

QS-M 6.7 47.0 55 7.8 0.3-42.7

QS-H 1.7 12.2 7.27.7 4.6-31

REM-M 5.2 36.8 5.3t 6.3 1.7-32.8
REM-H 0.6 4.0 327 1.0-10.8

The criterion for REM-M and REM-H was more than three phasic events exceeding the mean phasic event amplitude per epoch.
Using these criteria instead of the one phasic event criterion used in Table 1 caused a large drop in the mean duration of REM
periods, but a relatively small change in total REM time.
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Fig. 6. Poincareplots of ECG (R wave to R wave interval plotted against subsequent interval) of REM sleep
(REM) and quiet sleep (QS). REM and QS had differing patterns of interbeat intervals. The decreased beat-to-beat
dispersion of the REM period relative to QS resembles that of REM sleep in eutherians.

of time and, using an event marker channel, indihe natural population than we have seen here.
cated observed head and bill movements on thlierhaps other conditions in the laboratory that we
polygraph record. We then calculated the averagee unaware of increased REM sleep. However, we
amplitudes of the correlated deflections seen dmow of no manipulations in other species that
the EMG and EOG channels. We required thawould cause an elevation in REM sleep time to the
each 1-min epoch contain one deflection exceedirgxtraordinary high levels seen in the platypus.
the mean amplitude of these deflections to score anOur studies, under laboratory conditions compar-
epoch as REM sleep. To determine the effect afble to those used for measuring REM sleep
scoring rules, we also scored the same data usiagiounts in other animals, show that the platypus
three deflections exceeding the threshold set mot only has REM sleep, but also has very large
visual observation as a requirement for REMamounts of REM sleep. Using standard scoring
sleep. The stricter three-event criterion resulted ieriteria>%! we find that the platypus spends more
shorter average durations for REM sleep epochs, biitne in REM sleep than any other anintaf®
not a great change in total REM sleep time (Tables
1, 2).
V\Ze worked exclusively with adult animals. IftheEIegtroencephalograms of the platypus and the
general mammalian pattern is followed in theEChIdna
platypus, one would expect that younger animals The moderate- and high-voltage EEGs of platypus
would have more REM sleep. Mammals typicallyREM sleep are unlike the low-voltage REM sleep
have maximal amounts of REM sleep at thermoEEG seen in adult placental and marsupial
neutrality?42 Whereas the ambient temperaturemmammals. In our previous work, we have reported
at which the recording were conducted were withitthat, in the echidna, activation of brainstem reticulo-
the normal range (20—2G), it certainly is possible motor systems also occurs while the EEG is high in
that REM sleep amounts would differ at other ambiamplitude. These findings suggest that the low-
ent temperatures. Light cycles can have a smalbltage EEG activation of REM sleep seen in
effect on REM sleep duratiord® Our animals placentals and marsupials is derived and evolved
were exposed to a natural light cycle and slept iafter the divergence of the monotreme line. Cortical
their dark burrows. However, it is possible thatlesynchronization may be a relatively recent devel-
exposure to different light cycles during wakingopment in the history of mammalian REM sleep and
could alter their sleep times in the burrow. All ofis unlikely to have been linked to its original func-
these considerations indicate that the parameterstmin(s). Rather, these functions are more likely to
sleep that we have recorded may not be precisefave been linked to brainstem processes, in keeping
reflected in the wild. To the extent that conditionsvith the fact that brainstem mechanisms are both
in the laboratory were less hospitable than those imecessary and sufficient to generate this state.
the wild, one would expect even more REM sleep in The REM sleep periods without low-voltage EEG
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seen in the platypus are similar to the “active sleepsleep evolved after the appearance of the first
periods seen early in development in altriciamammals. Rather, they are consistent with the
mammals?? In altricial mammals, with develop- hypothesis that REM sleep was present in very
ment, these periods gradually transition to thtarge amounts in the earliest mammals. They
REM sleep state with low-voltage EEG. The occursuggest that the immediate reptilian ancestors of
rence of sleep-onset REM periods is also a welthe early mammals either had REM sleep or had a
known property of sleep early in developméht. state with many of the neural correlates of REM
These properties of monotreme sleep suggest thakeep, or that REM sleep evolved very rapidly in
in these instances, ontogeny is “recapitulatinthe mammalian line. Since REM sleep is present
phylogeny”. in birds, the most parsimonious hypothesis is that

REM sleep evolved only once and was present in
Similarities and differences in platypus and echidn&e common ancestors of birds and mammals. If this
sleep is the case, the dinosaurs ancestral to the birtsy
.also have had REM sleep.

e s et 01 temepties, he common ancesor of i
’ d mammals, had REM sleep or some neuronal

an irregular bur§t—pause discharge _pattern thg pects of REM sleep in an REM sleep precursor
resembles the discharge pattern during placen ate, one would expect that extant reptiles would

REM sleep. Hoyvever, unﬁke other mammals, thelgllso have some of these same sleep state character-
sleep-related discharge is usually asynchronous ilics. Investigation of reptilian sleep has not

simultaneously recorded neurons and we saw rE)(?oduced conclusive evidence on this question.

tW.'tCh'ng Of. the eye or neck’ This suggests that Whereas several papers have claimed that reptiles
this terrestrial monotreme has lost the high degr%aave REM  sleef52:3840484952 other  studies

of synchrony between bursting brainstem neurorbserformed after the study by Allisoet al! of the

that is responsible for .REM sleep twitching. echidna concluded that reptiles do not have REM
In contrast to the high somatosensory pfeSSUfgﬁeepy,ls,m All of these studies used polygraphic

required to arouse the platypus, the echidna alwa}’gcordings of “EEG” and EMG to categorize state
aroused with Von Frey pressures less than 2 ’

: i Bis particularly difficult to interpret EEG signals as
(Slegel_ J. M., Manger P. R. and Pettigrew J. D, state indicator in reptiles, since the current work
unpublished observations). The arousal threshoiqmwS that monotremes, the most “reptilian”

differences illustrate the evolutionary divergenc?n mmals, have REM sleep without the low-voltage
between these species in sleep characteristics gﬁtem s’een in adult placental and marsupial
are consistent with the idea that the echidna h ammals. Further insight into the nature of sleep

had to adapt to a much Iess. secure sleeping SRy its probable evolutionary history could be
In contrast to the platypus, which is not vulnerable tgchieved by examining, in reptiles, the activity of

predation when sleeping in its burrdhe echidna the brainstem neuronal groups that are involved in

IS e?;posed durlntg f‘.leéﬁi A{tr?qqugh its spmtes mammalian REM sleep contréi, particularly the
provide some protection, twitching movements Of yinardic and cholinergic cell groups that exist in
the spines during sleep would attract predgtor e same regions of reptilian and mammalian
The echidna’s sleep may represent an eVOIu“Onaﬁfainszwov“

adaptation of the extraordinarily deep sleep of its
platypus-like ancestor to the requirements of the
echidna’s more vulnerable ecological niche.
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